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Europe

Austria
Belgium
Bulgaria
United Kingdom
Hungary
Germany
Greece
Denmark
Ireland
Spain
Italy
Netherlands
Norwa
Polan
Portugal
Romania
Serbia
Slovakia
Finland
France
Croatia
Montenegro
Czech Republic
Switzerland

Sweden
CERN

Associate Members

Vietnam o
Israel The Americas . .
India s Africa Australia

China Brazil ———————————— .
DPRK o Egypt and Oceania
Mongolia RepUbliC of South D ————

Turke Cuba _ .
Republic of Korea USA Africa Australia
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Bbicwinm pykoBoadawmm opraHom MHcTuTyTa aensetcsa KommteT nonHOMOYHbIX NpeacTaBuTenemn rocygapcrs-yneHoB. Hay4yHas
nonutuka OUNAN onpegensietca MexxgyHapoaHbIM HayYHbIM COBETOM. BaXkHbIM acnekTtoMm AeATeNnbHOCTU MHCTUTYTa ABNSETCH
LLINPOKOE MeXAyHapoaHOe Hay4YHO-TeXHUYeckoe coTpyaHudectso. OUAN nogaepxmnBaet KoHTakTbl 6onee 4em ¢ 900
nccnenoBaTenbCKUMN LEHTPAMKM U yHUBEpcuTeTamm B 64 ctpaHax mupa. B Poccun, kpynHenwem naptHepe OUAN, coTpyaHniecTBo

ocyuwectensaercsa co 150 Hay4YHbIMU LEHTPaMN, YHUBEPCUTETAMMN, MPOMBbILLNIEHHBIMU NpeanpuaTusamMm n doupmamm n3 50 ropoados. 3



RESEARCH CAPACITY-BUILDING

Cost of basic facilities and equipments
per research scientist
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RESEARCH QUALITY AND EFFICIENCY

Total number of Results of Intellectual

Activity
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Results of Intellectual Activity (RIA) includes publications,
defended dissertations and patents.

Number of dissertations defended by

JINR staff
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JINR AS AN INTERNATIONAL
RESEARCH ORGANIZATION

Number of
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BonnowEeHUE 7-NETHEU MNMPorpAmMmbl PA3BUTUA OUAN: 2016-2023
OCHOBHbIE HAYYHbIE HANPAB/IEHUA

RHIP & Spin Physics (NICA complex) Low Energy Nuclear Physics (SHEF& Conqensed matter and Neutron
physics (IBR-2M+spectrometers)

DRIBS-III project
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MICC - Grid infrastructure — Tier1 and Tier2

The JINR Tier1 center has demonstrated stable work
not only for CMS (LHC), but also for MPD (NICA).

The Tier1 site for CMS is ranked first among world
centers for CMS.

Tierl — Sum CPU Work (HS06 hours) by Tier 1 Node
for LHC CMS vyear 2022
ES-PIC
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DE-KIT

Country Tierl
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This year, a new accounting system for the MICC was put
into operation at litmon.jinr.ru

524 862 408 HS06 hours were used at Tier2 for 1 587 723
jobs from NICA, LHC, ILC, NOvA, BIOMED and local users
from 2022-01-01 to 2022-08-31.
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ML/DL/HPC Ecosystem of the HybriLIT Heterogeneous Platform: 2>~
New Opportunities for Applied Research wa MET

: The ML/DL/HPC ecosystem is now actively used for
/ Development component \ Computation component HPClab component . . .
[ h b } [ Servers with } L i } machine and deep learning tasks. At the same time, the
VM with JupyterHu

JupyterHub and SLURM
https://jlabhpc.jinr.ru/

e accumulated tools and libraries can be more widely used

Volta & Intel Xeon Gold
https://jhub2.jinr.ru

https://jhub.jinr.ru

for scientific research, including:

'/\ I Keras ens’ovﬂow De"'v""a "'pp‘.(:. 1 ~ A [<E cns;lFIW' : 1
S ot s |6 ol * numerical computatlons,
Zﬁu. 24 cores | o =Y S || . « parallel computing on CPUs and GPUs;
RAM: 32 GB 2.40GHz 2@ Cores/40 RAM: 64 GB . . .
e oncas g ||, e O panaas g « visualization of results;
\_ J High Performance Computing - accompanying them with the necessary formulas
and explanations.

In 2022, on the ML/DL/HPC ecosystem, it became Python Numerical Methods

possible to run the MATLAB code in Jupyter o ol { }
Notebook, which allows one to effectively perform Jupyter upyter book

applied and scientific computations. 4 K Keras

[M] Notebook | w
Al e @ I pandas PYTHON “"‘ .
o MATLAD (1 | nt \-},'. , ' b PROGRAMMING
R AND NUMERICAL

== e S matpi=.ti METHODS
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Quantum computing and quantum algorithms

Objective: development of quantum algorithms (QAs) to calculate complex atomic and molecular
systems, taking into account the limiting capabilities of available computing resources.

Quantum algorithms

Quantum simulators

£ Qiskit

“ qgsim

SC “Govorun”

Form a list of QAs required to solve
tasks within the studied physical
models

Select the type of quantum
simulator to simulate a classical
architecture on computers

T

A Define resources for the selected
S #, quantum-limiting capabilities of

K available computing simulators

S (number of qubits and computation
time)

Search for exact solutions to urgent
problems of quantum chemistry and
study the chemical properties of

heavy elements

Current result

The limiting computing capacities of the
“Govorun” supercomputer are revealed
on the example of simulating quantum
algorithms (quantum Fourier transform,
quantum phase estimation, Grover’s
algorithm, test synthetic algorithm) using
a different class of quantum circuits for
the following simulators: QUuEST, Qiskit,
CuQuantum.

According to modern concepts, from 30 to 50
qubits are sufficient for the exact solution of most
practically significant problems of quantum
chemistry.



Quantum intelligent control

Tests of an intelligent automatic control system for the nitrogen collector of the satellite helium
refrigerator #1 at the site of the cryogenic testing of superconducting magnets at VBLHEP on the basis
of quantum algorithms (QFI) are successfully completed.

Control Error
1.25

- Control of the
——— PID Control H
1.15]. oot - process of rgachlng
—— QFI Control a predetermined
1.1 | pressure level in

cooling mode

1.05 Target pressure value
1.2 Bar

r r r r r
0 50 100 150 200 250 300
Time (s)

The quantum controller (blue curve) is almost 5 times faster in reaching the target value than the closest
controller on soft computing (green curve), while the PID-controller (red curve) does not reach the target value.

The quantum controller demonstrates low overshoot and accuracy in achieving the control goal compared
to other types of controllers.

Automatic control based on the quantum controller reduces nitrogen consumption by 53%.

In the future, the system will be put into operation, and its regular operation will start.



0

WA\‘%‘; BIOHLIT information system for radiobiological studies

The information system allows one
to store, quickly access and
process data using a stack of
neural network and classical
algorithms of computer vision, @

providingg a wide range of Experimental data

possibilities for automating routine
tasks. It gives an increase in
productivity, quality and speed of
obtaining results.

service

Analysis

Conceptual scheme of the

Results

Motion track

Normalized distribution by sector

General

Heat map

rrrrrrr

General

00:00-03:00

03:00-06:00

Developed algorithms:

v' algorithms for the automated
marking of the field of
experimental setups,

v' algorithms for tracking the
animal’s position in
experimental setups of
different types,

v' algorithms for evaluating the
animal’s behavioral patterns.

~_ =

The obtained information is

stored in different forms:

« visualized track of the
animal’s movement,

« video file with tracking the
animal’s position,

« heat map by sectors,

- file that stores all the
information for subsequent
statistical analysis.



4 .. | 6th International Workshop on Deep Learning in
/ﬁ\% Computational Physics (DLCP-2022)

DLCP:

6-8 July 2022

Machine * ML methods in particle astrophysics and HEP.
Learning in

Particle

* Fast event generators based on ML for modelling of

7 physics phenomena.
Asll:?gphhgl::ggnd * Multi-messenger data analysis of experimental data.

Physics * Application ML for data analysis in LHC, NICA, TAIGA.

¢ Convolutional neural networks.
Modern Machine * Recurrent neural networks.
CLIGILBRLELEEEN  « Graph neural networks.

* Modern trends in machine learning.

Machine Learning * Biology and bioinformatics.
in Natural * Engineering sciences.
Sciences * Climate prediction and Earth monitoring.

* Machine learning in High education.
* Outreach knowledge in machine learning.

More than 130 scientists (90 in person, over 40
remotely) from research centers of India,
Kazakhstan, Mongolia, Poland, Romania,
Serbia, Slovakia, Turkey, Uzbekistan took part
in the workshop. Russia was represented by

participants from 15 universities and research
centers.



Service for planning and logging excursions at JINR
https://jinrex.jinr.ru

MLIT, together with the UC, developed a service for planning and logging excursions at JINR.

Main functions Used technologies

= il

o pgthOﬂ E Bootstrap

HTML CEX

S)3|

COORDINATE SAVE MONITOR THE RECEIVE
THE CONDUCT INFORMATION WORKLOAD STATISTICS
OF EXCURSIONS OF THE VISIT
POINTS

The service provides summary information about all
ongoing, planned and completed excursions and
automatically sends email notifications about all

10:00 - 12200 LKY, Sumner Schoo! Biclogy Workshop

important events. —

BLTP

3 ™~ Facility* Areas Date* Start time* Stop time* Participants*

DLNP MLIT il 06.07.2022 13:00 14:00 22 g
14 Control room
Machine room

TOta| num ber Of Organizer* Guide* €ITD Responsible* €D
excursions In MLIT Polina Chuprinyuk (chuprinyuk@jinr.i [ Maxim Zuev | Olga Derenovskaya (odenisova@jin
April-August 2022 22 . :
Event” Target audience®  Language* Arrival Format™*
Summer school Schoolchildren Russian O Onfoot O offline

By bus Online



3agaum 2023: yem 3akaH4YnBaeM, Yem
npocnaendem n oborawiaem, Yem ropanMcs

[Mpuctynaem k BBoay B akcnnyatauumto npoekta «Komnnekc NICA». HaunHaem mexagyHapogHble
9KCnepumMeHTanbHble nccnegoBaHus;

dabpurKka CBEPXTSKENbIX 3NEMEHTOB paboTaeT B "KPeENCEPCKOM pexumey. BBeaeHa B
akcnnyartauuto B 2021 roay. B goecatku pas npeBbillaeT BO3MOXHOCTU NpeablayLero Komnriekca
JTAP n cBoOnX MUPOBbLIX KOHKYPEHTOB;

[ My6OKOBOAHLIN HENTPUHHBIN Terneckon Ha bankane ctTaHOBUTCA MOSTHOLEHHBLIM 31IEMEHTOM
rmobarnbHON ceTn MacLlITabHbIX HEMTPUHHBLIX AeTekTopoB. OObeM yBenuyeH B 6 pas (c 2 go 12
KracTtepoB), 3apernctpupoBaHo >20 cobbITuin, cBsA3aHHbIX ¢ HeNTpUHO CB3.

IT-knactep -> TOP1 B Poccum n ctpaHax-ydacTHMUAX N0 00beMY XpaHuUnumula AaHHbIX, CKOPOCTU
nepegayn n s dekTUBHOCTN 00paboTkn aaHHbIX, BxoanT B 25 muposoro TOI-500;

OUNAN — oanH n3 BeayLmx MMPOBLIX LEHTPOB B 006NacTu NCNONb30BaHNSI MHTEHCUBHbIX
HEUTPOHHbIX UCTOYHMKOB, BXoanT B TOI1-5;

MexgyHapogHas nporpaMmma nccriegoBaHum HayK 0 XXU3HU U MHHOBALUMOHHBLIX UCCIeaoBaHUN
OUNAN nonHoueHHo 3apaboTana: HoBble 6a30oBble ycTaHoBKM JIPB + kaHarnbl npuknagHbIx
nccnegosaHnn NICA + HoBble ©6a3oBble ycTaHOBKU JIHD.

CoBpeMEHHbIE U OTBEYAIOLLIME COBPEMEHHBIM Bbl30BaM TPEHbl B KAAPOBOM MONMTUKE (BO3pacT,
cuctema onnatbl Tpyaa), B umdposmsaymn, B 9KONOrMYHOCTM U 6e30nacHOCTN AeATENBbHOCTH
OUNAWN, 3HaunTenbHas/kpaTHas akTUBM3aLUS



Distribution by fields of MwupoBsbie TpeHAabl B Hayke n OUAN ceroaHs

science KpynHble nccnegoBartenbcKue
INR 3% = Elementary particles v, oAU 6 "chpaCprKTypbl (KNK):
o-J physics «yCTaBHbIe» ANA obnactn - Hayku Bonbluon agpoHHbiv konnangep (LEPH)
= Astronomy&Astrophysics ~ 3dHUMalKOT  MNMPUOPUTETHOE  TOJNI0XeHne B EBponenckunin HEMTPOHHBIN NCTOYHKK (ESS)
MUPOBOWN Hay4YHOW TOBECTKE W pas3BUTUN LleHTp nccnenoBaHuii aHTUNPOTOHOB U

m Condensed matter o o FAIR
ohysics KPYMHOM nccnenoBaTenbCKon voros (FAIR) )
Environmental science NHAPACTPYKTYPbI. LBNF-DUNE (HerNTprHHbIN JKCM-T)

m Life science

= Nuclear physics

Distribution by mission

&

m IT infrastructure

= Basic knowledge

= Basic + applied
knowledge

= Basic + applied
knowledge +
SDG

Distribution by international dimension

m International
worldwide

m International
regional

= National

AHanu3 nokasblBaeT, 4YTO MOYTU [OSIOBMHA

COBPEMEHHbIX NPOEKTOB B obnactu
byHOaMeHTanbHbIX HayK nveet
COMyTCTBYWOLLUME NporpaMmbl  NPUKNaAHbIX
nccrnenoBaHum, HanpaBneHHbIX Ha

OOCTMXKEHMe uenen YCTOMYMBOro pasBUTUSA

(LYP).

MwupoBoe MeXxayHapoaHoe n3mepeHue,
MynbsTUANCUUNNMHApPHaAA Hay4yHas nporpamma
N KPynHble MHJQPACTPYKTYpPHbIE  MPOEKThI
OUNAN rapMOHUYHO [JOMOMHAKT rnodanbHyo
Hay4yHyl0 MNOBECTKY W MMUPOBOM naHgwadgt
MHQPACTPYKTYPbl MeraHayku, npegnonaras,
Hapsgy C OCHOBHbIMK Lensmu B obracTu
dyHOaMeHTanbHbIX  MUCCNeooBaHUW, Takxke
noctmxkenne LIYP.

Byoywmn umknuyeckuin konnangep
CHOJNAB (nog3emMHbIN HENTPUHHbLIN
KOMIMMeKC)

EBponencknmn LeHTp CUHXPOTPOHHOIO
nanyderus (ESRF)

HenTpuHHbIN Teneckon Kybudeckoro
knnometpa (KM3NeT)

MexayHapoaHbIv NMMHEeWHbI Konnangep
NICA (MoHHbIN Konnangep Ha 6ase
HYKNOTPOHA)

SCT (cpabpuka cynepyapm-tay)
ApKTu4eckoe nccregoBaTtenbCckoe CygHo
"AMyHOCEH»

UpesBblvariHo 6ornbLion Teneckon (ELT)
Pagnoteneckon SKA (KOAP)

Okono 40 KM/ no wupokomy cnekTpy
Hay4HbIX HanpaBfeHWn, OTBEeYaroLLMX

Kputepmnam KpynHom
ncernenoBaTenbCKkom MHPPACTPYKTYpPbI
(cnoxHocCTb, MacwTabHOCTb,

YHUKaINbHOCTb, NpefHa3HayYeHne), Kak
OEVCTBYHOLWMNX, TaKk U CTPOSILLMXCS, a
TaKkKe HEKOTOpbIX MNaHUMpyemMbiX —
ICRI, GSF OECD, 2021



Relativistic Heavy lon Physics and Study of nucleon structure. Near and Long-Term Future

The timely completion of the NICA project, its commissioning and
steady and efficient operation.

Completion of the detectors: BM@N, MPD and SPD at NICA and
successful data taking over the decades to come. JINR will make
significant contribution to the basic configuration of the SPD
detector.

After several years of running of MPD, an Upgrade is foreseen,
responding to an increase in luminosity of NICA. Adding detectors
in the forward region as planned.

Studies of possible future extension of NICA for acceleration of
electrons, opening new physics potential via e-p and e-A collisions.

2022 (2023 | 2024 | 2025 | 2026 |

NICA Collider commissioning

Commissioning
runs

MPD extended config. construction and opration

[Consruction of NICA collider extended config.

Prep. and start of polarized beam operation

SC-solenoids production
and tests

SPD construction and commissioning

Nuclotron modernization

R & D, prototyping,
testing

SPD systems production
and assembly SPD operation




BM@N & MPD
The Phases of QCD
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Neutron Stars

baryonic density p/p,
Po=0,16fm

MPD covers this interesting region providing powerful
combination of large luminosity, collision energy and system
size scan (including isobars), large and consistent acceptance,
full centrality range.

NICA is complementary to existing and planned world facilities
(FAIR, SPS), and will be a natural and necessary continuation
and significant expansion of studies at RHIC BES.

NICA

SPD

The SPD experiment is aimed at studying the properties of
strong interactions in the nonperturbative region, at measuring
the proton and deuteron spin structures, and at the development
of a three-dimensional model of the nucleon. It is unique in its
methodology, breadth of coverage and variety of tasks.

Experimental SPD RHIC EIC AFTER | SpinLHC
facility @QNICA @QLHC
Scientific center JINR BNL BNL CERN CERN
Operation mode collider | collider collider fixed fixed
target target

Colliding particles | pl-p! pl-pt | el-p' d"*He' | ppldl pp'
& polarization d'-d'

pl-d, p-d'
Center-of-mass <27 (p-p) | 63,200, | 20-140 (ep) 115 115
energy /svw, GeV | <13.5 (d-d) | 500

<19 (p-d)
Max. luminosity, ~1 (p-p) 2 1000 up to 4.7
10% em 2§71 ~0.1 (d-d) ~10 (p-p)
Physics run >2025 running >2030 >2025 >2025

&

L+

spin

@_ Q EIC




Synthesis of new
elements @ SHE Factory

54Cr + 248Cm — 3n + 299120

50Tj + 249Bk —> 3n + 296119 u
&
d/H?

“B

TARGETS:

« Rosatom and ORNL (USA):
Isotopically enriched heavy
actinide materials;

 Radiochemical Lab of class 1

BEAMS:
* Production of high-intensity
beams of °°Ti, 54Cr and

others
* New ECR-28 GHz (2024)

Basic facility: U-400M

Operation from end of 2023

* Nucleon halo, neutron skin;
» Exotic decays:
b-delayed, 2p,2n radioactivity;
« Soft excitation mode;
* New magic numbers;
» Spectroscopy of exotic nuclei;
» Cluster states;
* Reactions with RIBs;
« Astrophysical applications.

Ambitions: E up to 80AMeV, | x 2

Radioactive lon-Beam research Nuclear reaction studies @ U-400R

Ambitions: up to 2.6 mA (U-beam)
1079-11 smooth energy variation

Upgrade in 2023-25. Operation from 2026

Multinucleon transfer reactions:
Production of new isotopes of heavy,SH nuclei;
Study of properties of new nuclei.

Decay spectroscopy of heavy nuclei:
actinides and light transactinides

Study of fusion-fission and quasifission
reactions leading to heaviest nuclei
Low-energy and spontaneous fission of
heaviest nuclei

Study of nuclei at high excitation energies
(several hundred of MeV)



2022 2023 2024 2025 2026 2027 2028 2029 2030

SHE Factory Operation. Development of new setups
Uu400M Mchtg:'_ Operation. Development of new detectors
* New experimental hall constr.
U400R Operation |+ Modernization of U400—U400R Operation. Development of new setups
» Development of new setups
DC-140 Construction Operation
Class |
Radio- Pre-design Design Construction Operation
Chemical Lab
New RIBs Feasibility Studies, Pre-Design International Evaluation, Design Sl .Of c9nstruc‘:t|on
complex (Funding is required)

secliochemical — DC-280  U-400R U-400 FLNR 2030

~ laboratory|of class 1 SHE Factory Nuclear oo RiBs reey
Assembly U-400R DC=140
workshop exp. hall Applied research
- i : S

NanoLab



NEUTRINO AND ASTROPARTICLE PHYSICS PROJECT BAIKAL-GVD

Baikal-GVD: Identification of astrophysical sources of ultra-high energy (exceeding
tens of TeV) neutrinos. Actuality: their sources are still unknown. The identification of
sources will help to elucidate mechanisms of galaxies creation and evolution.

Main advantage of Baikal-GVD: pure and t-stable water.
Angular resolution of muon tracks 0.3-0.5 grad (lceCube:

0.5-1); angular resolution of shower direction 2-3 grad 2016 1 288
(IceCube: 15); | 2017 ) 576
Northern detectors have better view to the Galaxy center.
| R e T e, / N 2018 3 864
» ¥ . e -~ el ”',","/-”‘\" v
om a1 s ¥ ) g <> P 2016 =2 z > ,‘!’/}/>~\ 2019 5 1440
. g ™ ~ (Y <A 2021 8 2304
@@ cxperimenul ] N * :
2022 10 2880
% 2023 12 3456
2024 14 4032

Baikal-GVD: flagship experiment of JINR with a leading role in the collaboration. Gain new experience in the detector design,
construction, deployment, maintenance, simulation and data analysis. Expected breakthrough discoveries.

More dense configuration, + light sensors, fiber vs Cu, smart data transmission, + radio-antennas — New Quality and Efficiency.

Global competence in 2030 horizon: Ice-Cube: 2025-2034 — 8km?3 (w RA 100 km3 => PeV); Km3NET: — few km3;
Baikal-GVD (Phase Il) = new type of OM, trigger-less operation, ML&AI,— ~ 10 km3 ? (CDR in 2024).



Neutrino, Astroparticle Physics

Neutrino oscillation experiments
e Determination of CP-violating phase: DUNE (50 significance in just two years)
e Determination of n mass ordering: NOVA (gaining new experience), JUNO

* Precise determination of elements of the lepton mixing matrix: JUNO (gaining further experience with reactor
neutrino), DUNE

Physical properties of neutrino
 Determine if a neutrino is a Majorana particle: SuperNEMO, GERDA-LEGEND
o Coherent elastic n-nucleus scattering process at reactors: nuGEN (GEMMA)

1 e Priorities
2

e Sterile neutrino oscillation: DANSS

3

Motivation: involvement in possible major discovery, new instruments

« Existence of the dark matter particles: DarkSide, EDELWEISS JUNO, SuperNEMO, DarkSide,
. . _ NOVA-DUNE,  GERDA-LEGEND, 1p;Gp
 Sources of high-energy (exceeding tens of TeV) gammas: TAIGA EDELWEISS nuGEN, MONUMENT
DANSS

Astroparticle Physics, Dark Matter discovery

 Determination of nuclear matrix elements via muon capture: MONUMENT
Motivation: involvement in possible major discovery, new instruments

Exp. Data Level&Scale | JINR recognition
Human Resources | Finance Resources




THE IBR-2 FACILITY

The service life of the core IBR-2 reactor is
expected to end in 2032-35. The possibility to
extend the operation of the IBR-2 until 2040 is
being studied. To extend the reactor core
campaign — new fuel (manufacture of FA with FR)
around 2025.

Considering the present-day tendency, after 2030
only five sources will be available in Europe:
ISIS (Didcot, UK), SINQ (PSlI, Villige), FRM I (TU
Munich), and two new sources: ESS (Lund,
Sweden) and reactor PIK (NRC KIl, Gatchina,
Russia), both under construction with the start of
operations planned for 2023-2024. Oak Ridge
(STS SNS) —is planned in 2037.

JINR provides FS for new neutron source (IBR-3 =

‘NEPTUNE”). The goal — is to have the best pulsed
neutron source in the world by 2037: with brightness

of 71075 (for TN), and 9*10714 (for CN)

SPECTROMETER COMPLEX

Development of the

basic configuration |
elements of the inverse | -
geometry inelastic n- |
scattering spectrometer "
BJN.

Completion of basic
configuration of the small
angle n-scattering and
imaging spectrometer.

| REFLEX | °

Modernization and reconstruction of spectrometers
HRFD, YuMO, RTD, DN-6, DN-12, FSD, NERA, REMUR,
REFLEX, SKAT, EPSILON, FSS, NRT, focused on
improvement of technical parameters and extension of
research capabilities.

Development of Ilaboratory equipment for samples
characterization and physical properties measurements.
Support and modernization of the complex of cryogenic
moderators. New operating reliable UCN channel.




\I"ENP FLNP LONG-TERM PLAN UP TO 2030

IREN : .
Experimental hall modernization.

TANGRA Hall and lab

modernizatio
n.

Construction.

Pre-design. Design.

UCN source

New fast neutron
source based on
tandetron
accelerator

s . . . . : Start of
Feasibility studies, Pre-design. International Evaluation, Design | .~ ction

R&D of neptunium-nitride fuel of NEPTINE reactor (JSC VNIINM, 2022)

R & D for the development of fuel rods includes the following stages:

1) permit to use of nuclear materials, which is in federal ownership;

2) development of preliminary design specifications for neptunium nitride fuel;
3) development a complex of fuel characteristics’ measurement methods;

4) development a technology of fuel fabrication for experimental fuel rods;

5) carry out of fuel rods researches before reactor irradiation;

6) reactor irradiation of fuel rods (with dose of 77 dpa)

7) post-irradiation researches of fuel rods in hot cells




e
et/
YD JINR Life Science Program: Basic and Applied Research

y,

Applied Research and Innovation Committee at NICA (NICA ARIC) — core of future SAC: F. Cucinotta (Univ. of Nevada, USA), M. Durante (GSI, Germany), T. Hei (Columbia
Univ, USA), Rubén Garcia Alia (RADNEXT Project, CERN), C. Trautmann (GSI, Germany), A. Paccagnella (Univ. of Padua, ltaly), A. Pesce (ESA), Yu. Titarenko (ITEP KiI,
Russia), H. Sakurai (Nishina Center, RIKEN, Japan), A. Osipov (Burnasyan Center FMBA, Russia), F. Azaiez (iThemba LABS, South Africa).

o Laboratory of Radiation
) Dzhel " ) \
: L:bc?r:f:r‘; of \ Biology - Integrator Veksler and Baldin\
Nuclear Problems Fundamental Radiobiology Laboratory of HEP
« Radiation Neuroscience
» Study for p-therapy e . ARIADNA
. <:> » Clinical Radiobiology <:> NICA eeeeeeeee
?&;(geosfs((j)?rgf tgaerdigrades * Mathematical Modeling
- Study of genetic modify’s + Radiation Protection * Heavy ion beamlines for
- « Astrobiology e
dus to radiation dose Infrastructure for molecular, :ﬁlebIOIOQY’ b(laam h
. erapy, animal researc
\ Detectors and Tomography @ kcellular and animal research / f \ by /
/\@P Frank Laboratory of \ @ /E"‘hm/ Flerov Laboratory 0)
Neutron Physics e ( wo. Nuclear Reactions
e Beamline for neutron Mecheryakov Lab. of Information Technologies
capture therapy of cancer S High performance computing * lon beahms for cellular
* Structural biology '}_ MI:I' System for p|olog|cal data storage . rRerjc(jaii])rncuCIides synthesis for
« Ecology and processing 210 > SY
\_ J \ - _Bioinformatics, Machine Learning / \_ radiation medicine -/

Development of vivarium, animal imaging and tomography, super-resolution microscopy; Equipment for multi-OMICS
research; Construction of radiochemical class Ill lab blocks; R&D on compact irradiators for cellular research.



THEORETICAL PHYSICS (BLTP)

4 A 4 A 4 A ~ R
Theory of Theory Theory of Modern
Fundamental of Atomic Condensed Mathematical
Interactions Nucleus Matter Physics
\_ y, \. y, \. v, -

Research and

Interlaboratory cooperation

educational project
VBLHEP Hot and dense nuclear matter in heavy-ion collisions FLNP
Condensed Matter, DIAS-TH
DLNP FLNR New materials
Neutrino thSiCS Superheavy and exotic nuclei FLNR “Dubna Internatlonal
MLIT DLNP Few-body systems, Nanoporous 2D membranes, Advancgd SChOO_I OE
LatﬁCe QCD CaICUIationS EXOtiC nUCIei |On irradiation TheOretlca| PhyS|CS

MLIT Computational methods for
nuclear physics and quantum chemistry

Human strategy: Scientific strategy:
Q Attraction of leading scientists O Extension of international collaboration
Q Attraction of young researchers O Keeping up with current scientific trends

Q Stimulation of scientific activity O Interplay of research and education



Strategy for Information Technology and

Scientific Computing at JINR

Scientific IT ecosystem:

\

Datal.ake IT specialists’

- upskilling
&g e Application

Computation software

infrastructure adapted to new
architectures

Software Quantum
development technologies

Network Artificial
upgrade
IT security

intelligence
Robotics
Machine
& Deep
learning

Data centre
infrastructure

The coordinated development of interconnected
IT technologies and computational methods

It will be steady implementation/upgrades of

* Networking (Tb/s range),

» Computing infrastructure within the
Multifunctional Information & Computing
Complex (MICC) and

«  “Govorun” Supercomputer,

« Data center infrastructure,

« Data Lake & long-term storage

for all the experiments.

The development of new data processing and
analysis algorithms based on

« ML/DL,
 artificial intelligence,
« Big Data

* Quantum technologies.

A variety of means will be used for IT specialists
upskilling.



The are three pillars in HEP experiments:
accelerators — detectors — computing.

To achieve physical results, HEP projects must
proceed a huge amount of experimental data.

Distributed heterogeneous computing must be used
in future to support strategic research.

The elaboration of new deep and machine learning
algorithms for data processing and analysis will
require support and development of a high-
performance computing infrastructure.

Needed computing for:

NICA Tier0 — Tier1 — number of Tier2

Baikal-GVD, NOvVA, JUNO - all types of
resources
LHC@HL-LHC — Tier1 for CMS,
Tier2 for ATLAS, ALICE

RESEARCH ENVIRONMENT FOR SOLVING
RESOURCE-INTENSIVE TASKS OF JINR
WITH “GOVORUN” SUPERCOMPUTER :

« Parallel computing

 ML/DL/AI tasks

¢ Quantum computing

» Tools for data analysis and visualization
» Calculations on application packages

» Web services for application programs
« Training courses




RS - . .
r/ Quantum computing in the quantum robust control design

GOAL: Intelligent control of JINR physical experimental facilities
Robust control in unforeseen and unpredictable situations
USE@DO: Modern software technologies
Design of embedded intelligent controllers
PRODUCE: Intellectualization of innovative products
Communication of knowledge (master-slave system),
adaptation and teaching in industrial complexes

Expected results:

> Applied library of
quantum
algorithms for JINR

Model design based on Robotics systems for
experimental data radiation monitoring

it
g g ! > Quantum

[ s - simulators for

Control object models

» Intelligent cognitive
quantum robust
controllers for
intelligent control
systems;

. 4

Educational and
methodological platform

|
! : — ; .
: Knoavl;lgcli\%[f)g:ltirr?gctlon Algorithms and Software for COgnlEVle) In.telhgent : modeling quantum
' intelligent quantum control obotics ! -
{ gentq ~ algorithms on the
! . 1] 7
i O | Govorun
| . supercomputer;
2 Quantum Computational i » Quantum control
| Engineering . systems for NICA;
| |
i :
| i
| i
| i
| i
I .
| :
| i




Participation in experimental collaborations worldwide

JINR intends to participate in advanced external experiments in the relativistic heavy-ion physics, particle physics and neutrino
physics, provided that the potential for discoveries in these experiments is high, JINR researchers can play a leading role, and
partner scientific organizations show mutual interest in strengthening cooperation.

Relativistic heavy ion physics
JINR scientists will continue the study of the properties of nuclear matter under extreme conditions, in the search for quark
deconfinement and possible phase transitions within the framework of common research programmes in the STAR experiment
at RHIC, BNL, in the NAG1 experiment at the SPS accelerator (CERN), in the ALICE experiment at LHC (CERN), and in the
CBM experiment at FAIR (GSI).

JINR's participation will depend on the progress in implementing the NICA project, as well as on the need to consolidate work at
the JINR accelerator complex.

The nucleon spin structure and other polarization phenomena in nucleon—nucleon and nucleon—-nucleus interactions
The SPD research programme will extend the ongoing research programmes of the COMPASS++/AMBER experiment (at SPS,
CERN) on hadron structure and spectroscopy investigations with high-intensity muon and hadron beams, as well as with
polarized proton beams at the STAR facility (RHIC), in which teams of VBLHEP and DLNP scientists of JINR will continue to
take part during 2024—-2028.

JINR's participation in these programmes will be coordinated with the JINR's efforts on the creation of the SPD detector and its
research programme.

Elementary particle physics

The search for physical phenomena beyond the Standard Model will be continued in the CMS and ATLAS experiments at
CERN’s LHC. JINR will take part in the second phase of detectors’ upgrade during the LHC shutdown periods in 2026-2028 and
will continue analysis of data from the LHC. The JINR group will continue to participate in the NA64 experiment to search for
weakly interacting particles of dark matter at the SPS accelerator at CERN. JINR will also take part in a search for charged
lepton flavor violation in muon-to-electron conversion in nuclei in the py2e (FNAL) and COMET (J-PARC) experiments.



INNOVATIONS: INTERNATIONAL CENTRE FOR NUCLEAR TECHNOLOGIES RESEARCH: STATUS AND PROGRESS

Development of technologies and methods in the field of nuclear and

radiation medicine, radiation materials science, advanced training of

specialists for JINR Member States for radiation biology, medical physics,

material studies.

« OMICS@LRB and neuro-RB studies. Radiation neuroscience.
Approaches to increase radiosensitivity: pharmaceuticals, transgene

systems, targeted delivery (molecular vectors) and radionuclide;

DC-140 (construction phase)
~ il ISCRA & SIMBO

 ARIADNA. Applied beams@NICA: radiobiological studies (400-800 e ot S
MeV/n); radiation testing of semiconductor electronics (3; 150-350 A

MeV/n); nuclear physics @ 1-4.5 GeV/n. Start in 2023;

S 7 e
- < &

« DC-140 cyclotron for electronic component testing, radiation material
science, track pore membrane research. 2021-2023;

« SC proton cyclotron (MSC-230) for R&D in beam therapy: treatment
planning; radiomodificators for y— and p- therapy, flash-therapy, pencil
beam (10 pA, >5 Grey/l @ 50 ms pulse). 2021-2024 (beam in 2023).

 Radiochemical Laboratory Class-l for production of radioisotopes

(Ac??%, 99mTc), nuclear medicine R&D in photonuclear reactions @
40MeV (e-beam, Rhodotron). 2022-2027.

MSC-230 (general view)

Radiochemical Lab Class-I




Directions of the Personnel Strategy 2024—-2030

OBBEJJUHEHHBIA MHCTUTYT SAEPHBIX MCCIEIOBAHUA

Personnel Structure of JINR

2030)

Moscow Regional Physics and Mathematics Lyceum 0
named after Academician V. G. Kadyshevsky scientific engineers managersand  workers
researchers specialists
2022 m2030

Moscow State Univ. Branch in Dubna

Departments of Elementary Particle Physics and 200

Department of Fundamental Nuclear Interactions 0
and

Departments at MIPT, MEPhI, SPbSU, Dubna University and

several others.

Age structure

e —e—2022
o—2030

20-30 30-40 40-50 50 -6060 -70 70 -80
Age, years

(total employees 4190 in 2022 and 5230 in

Associated
Personnel

°)
>80

OPHUKA3 .
_2306m % 602
r. ly6Ha
06 yreepanennu Ilonoxenns
0 CONMANBHOIN NOAIepIKKe AL,
NPEKPATHBIINX TPYAOBbIE
ornomenusi ¢ OUSIA o 602
Ha ocuosamum pemennii ceccnit Komwurera ITomsomoumnix IlpencraBureneit
TIpaBUTENBCTB rocyaapcTs-wieHoB OVISI ot 22-23 wosGps 2021 r. u oT 25 mas 2022 1. ¢ OMsI

TIPYIKAS3BIBAIO:

1. Vreepaute ¢ 01.07.2022 IlonoxkeHHe O COLMANBHOM MOANEPXKKE JIHL, "“H:“"““ 4

TpeKpaTHBIIMX TPYAOBEIe oTHOmenus ¢ OVISIM (nanee — Ilonoxenmue).

CTHTYTOM

2. PyKoBOZMTeNSIM CTPYKTYPHBIX MOApasfeneHnit IHCTATYTa JOBECTH CONEPIKAHHE  paGormmkam
TTonoxenus 10 cBeIeHNA PaGOTHHKOB.

3. KonTtpoms

Jupexrop

3a coboit. mam  OVISTH,
CTHTYTA.
1M KOTOPBIX
I'. B. Tpy6uuxoB
MH Ha JIeHb
~ ODIIMHA CTK PADOTH B VIHCTHTYTE COCTABIsACT HE MEHEE 25 JIeT;
— OonsM o Jorosopa o HOH
TIOIEPIKKE;
i Ha JeHb oT 3aHuMan
K P P! MIH HAYYHOTO paGOTHHKA;
~—— OTCYTCTBHE i Ha JIeHB
OTHOIEHHIT;
— ¢ OWsn B CBA3H C Ha MEHCHIO

TIOC/IE BCTYILICHHA B CHITY HACTOSIIETO TIONOKEHKS.
VeTaHosieHNe BEIIATH SRIAETCA [IPABOM, & He 00f3aHHOCTEI0 OGBEAMHEHHOTO
MHCTHTYTA AJCPHBIX HCCEAOBAHHH.
1.2. Pasmep BrImnat coctapisier S0 % OT OXIana MOMYYATENs BEILIAT 32 TOCTEHA
mecsn paGotsl B OMSIH, 1o 1e Gonee 40 000 (copoka Thicss) py6ieit B mecs.
Pasmep BHIUIAT €XETOJHO NOBHINAETCA HA NPOLEHT, PABHKIH MpONEHTY
1y HucrutyTa 06 MEIEKCAUMH 33paGoTHOS ILaTH.
1.3. Beunatsn Ha i
3aKJ 0 Mexuy
CIIEIYIONIHE YCTOBHS:
— pasnep BRITUIAT B MECAL, IOPSAOK YIATs! ACHEKHEIX CPEJICTE — GeaHanmIBEH;
— CpOK JIoroBopa - 1 TOf O /HS OKOHYAHHA KONHYECTBA MECALEB, 32 KOTOPHIE
nonysaremo BHIVIAT GBUIO HA3HAYEHO BBIXOJAHOE NOCOOME NP YBONLHEHHH, C
BIO Ha roa;
— 00A3aHHOCTB MOyyaTeNs BRIUIAT coobmars OV 06 m3menenun Hanorosoro
PC3NCHTCTBA, PCKBU3HTOR CYETa, Ha KOTOPEIH OCYMECTRIISIOTCA BRILIATEL,

o
P
emnar ¥ OVSIM, cozepramero

- OBbHoOBMEHME NepcoHana
(HenpepbIBHOE 06pasoBaHme)

- Bo3amMOXHOCTb BbIXxO4a Ha NeHCUIo
(moroBop coumanbHOM NOAOEPXKKN)

- A'ameHeHne BO3pacTHOWN CTPYKTYpbl
- 3HauMTENbHOE YBENMYEHNE
accouuMpoBaHHOIO nepcoHana.



JINR Digital EcoSystem (DES)

The digital platform “JINR Digital EcoSystem ” integrates existing and future services

to support
scientific,
administrative and social activities,
maintenance of the engineering and IT infrastructures
to provide
reliable and secure access to various types of data
to enable
a comprehensive analysis of information
using
modern Big Data technologies and artificial
intelligence.

&
Digital Digital IT specialists _
(*
GEE—

o

Single access point
to all services



PervoHanbHbiv nogxoa OUAU kK mexxayHapoaHOMY COTPYAHUYECTBY

GREENLAND

Northern Africa Meditterian and Balcans
JINR countries
JINR country o L <10 COUNIries
Egypt — member state Bulgaria, Serbia
10 partner organizations CANAA Atlantic . .
Partners in region
UKRAINE KAZAKHSTAN .
Hub organization AN i M@NGOLIA 3 Israel
AAEA - MOU Since 2016 o SPAIN TURKIYE © TURKMENISTAN 8 Tlll'key
IRAQ IRAN culd ) 5 Greece
B O MOERA LBWA ooy "N : " 5 Croatia, Montenegro, Slovenia
MEXICO SAUDI ietnam
ARABIA INDIA ‘yyaNMA
Cuba N MAURITANIA T SUDAN o
CHAD YEMEN LAND
VENEZUELA NIGERIA ¢\ ETHIOPIA i
COLOMBIA e KENYA W s
BRAZIL TANZANLA pAg &?:w
o ol East and South-East Asi
——— =
BOLIVIA wozavaiuel | Ocean ast an (1)1 1 as sia
Latin American PARAGUAY we I JINR country
Ut LL .
Vietnam — member state
RSA
10 partner organizations
JINR countr ARGENTINA Adandcm p g

Cuba — member state
4 partner organizations

Partners in region
21 China
5 Thailand

1 Indonesia

Partners in region
15 Brazil

South African

JINR countr
South Africa — associated member

South Asian
Partners in region

6 Mexico

2 Argentina
2 Chile

1 Ecuador
1 Peru

24 India

3 Pakistan

1 Bangladesh
1 Sri Lanka

10 partner organizations

Partners in region
1 Botswana

Hanb6onee achpekTMBHLIM MHCTPYMEHTOM paclumpeHuns KoHTaktoB OUAUN aBnsieTca nporpamma AonrocpoYHbIX
CTaXXMPOBOK Ha KOHKYPCHOM OCHOBe, ¢ 60-x rogoB ycnewHo pabotaet Kak "CtuneHanatbl ONAUN» + Co3zpaHue cetun
npeacrtasutenbctB OUAN B pernoHanbHbIX LLeHTpax.



7-YP (2024-2030):

- Physics, Data acquisition and analysis, "Harvesting”. Reliable, open,
globally demanded Research (NICA, SHE, IBR2, vF, MICC, LS+IC)

- advanced R&D, Feasibility studies for new large-scale project @ JINR.

Research@Dubna: Topical Plan — Directions (Areas) — Projects — Activities.
Basic Research Landscape and Priorities: where Dubna has recognized
groundwork, and level/scale of tasks is/definitely will be world leading. Projects
(approach «plan/schedule/results™) — are instruments.

Research @ Dubna: of great importance the Openness and the Institute's participation in
experiments at world Research centers (CERN, FAIR/GSI, GANIL, BNL, DESY, INFN, IHEP,
RIKEN, KEK etc), as well as in neutrino experiments and IT, where unique conditions for
research are created. Key factors: JINR's participation should be recognizable and defined
by the scientific significance/scale of the Physics data obtained, as well as on the role of
scientists from JINR; The mutual benefit from exchange of new data, new scientific

technologies and theoretical developments must be followed.



JINR, T

DOSCIENCE(QDODUBNA

MATRIX OF JINR KEY PROJECTS

2020 2023 2026 2029 ~ 2032 ~ 2035 ~ 2038

DRIBS, SHE-Factory

FRB @ Flerov Lab Feasibility Studies + R&D

NICAMPD icianon. QR D SERREE
commissioning <

NICA - lll (EIC, others) Feasibility Studies + R&D Technical design and prototyping

Baikal - GVD Construction and data acquisition upgrade and data acquisition

v & AP Physics International scientific program

Life Science Formulation of Internati-
onal scientific program

FCC, ILC, GWI, ... Participation in Feasibility Studies, advanced R&D Participation in construction
Innovation center Operation and regular modernization

Technical design and prototyping

Thank you !



BEAM PHYSICS AND ACCELERATOR TECHNOLOGIES

Scientists and engineers of JINR are active participants of the projects of state-of-the-art international
accelerator complexes: LHC, XFEL, FAIR, RHIC, GANIL, INFN centers, J-PARC, IMP CAS, HIAF, EIC, ILC,
CLIC, FCC, etc. We will focus on R&D in the following areas:

— highly charged intense ion sources for generating heavy-ion beams with a charge state (Z > 40+);

— superconducting magnetic technologies: high-field magnets with fields up to 14-20 T, fast-cycling high-field
magnets (B >4 T, ramp > 4 T/s), high-current cables and windings (I_cr >30 kA);

— studies in the field of high-temperature superconductivity, development of Dubna superconducting cable
technologies;

— efficient fast cooling systems for intense hadron beams (~ 10-100 ms);

— superconducting resonators (RFQ and DTL) and cryomodules of RF structures for accelerating intense proton
and ion beams, including those operating in the quasi-continuous mode at low initial particle velocities;

— research in the field of colliding beam accelerators: final optical structures, collision effects, focusing elements
also based on radiation-resistant focusing on permanent magnets;

— issues of implementation of future colliders (FCC, ILC, CpeC, etc.);

— development of RF power systems based on solid-state power amplifiers;

— technologies of fast cycling synchrotrons for acceleration and accumulation of intense heavy-ion beams;

— R&D on beam therapy (flash, pencil beam, light ions, neutrons);

— deep machine learning for operation optimization and synchronization of systems of large accelerator complexes;

— development of modeling methods (including using artificial intelligence methods) of beam dynamics with the
“real” accelerating and focusing electromagnetic fields in accelerator structures and in-flight beam parameters
(emittance, intensity, charge composition, etc.).



